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Antimatter nuclei in cosmic rays (CR) represent a promising discovery channel for the indirect
search of dark matter. We present astrophysical background calculations of CR antideuteron (d)
and antihelium (He). These particles are produced by high-energy collisions of CR protons and
nuclei with the gas nuclei of the interstellar medium. In our calculations, we also consider produc-
tion and shock acceleration of antinuclei in the shells of supernova remnants (SNRs). The total
flux of d and He particles is constrained using new AMSmeasurements on the boron/carbon (B/C)
and antiproton/proton (p¯/p) ratios. The two ratios leads to different antiparticle fluxes in the high-
energy regime E & 10 GeV/n where, in particular, p¯/p-driven calculations leads to a significantly
larger antiparticle flux in comparison to predictions from conventional B/C-driven constraints.
On the other hand, both approaches provide consistent results in the sub-GeV/n energy window,
which is where dark matter induced signal may exceed the astrophysical background. In this re-
gion, the total antinuclei flux, from interaction in the insterstellar gas and inside SNRs, is tightly
bounded by the data. Shock-acceleration of antiparticles in SNRs has a minor influence in the
astrophysical background for dark matter searches.
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1. Introduction
Antiproton ( p¯), antideuteron (d), and antihelium (He) are unique messengers for the search
DM annihilation signals in the Galaxy. The antiproton/proton (p¯/p) ratio CRs has been recently
measured with high precision by the Alpha Magnetic Spectrometer (AMS) from 0.5 to 450 GeV of
kinetic energy [1]. The detection of antinuclei d and He is the next milestone in CR physics. DM
annihilation processes into d and He particles may generate an observable excess in their spectrum
[2, 3, 4]. In particular, at energy below a few GeV, the astrophysical background is kinematically
suppressed while DM signals peak in this energy window according to several models of DM anni-
hilation. In this paper, we report calculations of secondary antinuclei fluxes and their uncertainties.
2. Calculations
Secondary antinuclei are generated by collisions of CRs with the interstellar matter (ISM) [5].
Using cross-sections presented in [6, 7, 9], we calculated the production of several isotopes such as
2H, 3He, 6,7Li, 7,9,10Be, and 10,11B from fragmentation of C-N-O, Si, and Fe. We implemented ded-
icated algorithms to compute the p¯ and n¯ production from p-p, p-He, He-p, and He-He collisions
[10]. Then, we used an improved nuclear coalscence model to evaluate the production of d={n¯, p¯}
and He [11]. Antihelium production includes 3H={n¯,n¯,p¯} and 3He={n¯,p¯,p¯}. The SNR injection
spectrum of primary CRs is calculated from the diffusive-shock-acceleration equation. Following
earlier calculations [12, 7, 8], we also account for the production and destruction of secondary nu-
clei and antinuclei in SNRs. The secondary production rate inside SNRs is regulated by the product
τsnrn− between SNR age and upstream gas density. To describe CR propagation in the Galaxy, we
use a two-halo model of CR diffusion and interactions, which describes well the spectral hardening
of primary CRs [13, 14]. Near the disk (|z| < l ∼= 0.5 kpc), the rigidity (R = p/Z) dependent dif-
fusion coefficient is K ∝ βK0(R/GV)δ0 , with δ0 = 1/3. Away from the disk (l < |z|< L∼= 5 kpc),
the diffusion exponent is δ0 +∆, where the value ∆= 0.55 is determined using primary CR spectra
[15]. The secondary production rate in the ISM depends on the ratio L/K0, which is a free parame-
ter. The near-Earth CR fluxes are affected by solar modulation, which we have modeled within the
force-field approximation using φFisk = 0.7 GV as modulation potential for AMS [16]. To constrain
the key parameters, we use the AMS data on B/C ratio and p¯/p ratio. B/C-driven and p¯/p-driven
fits lead to different parameter values, inconsistent each other, and thus different predictions for the
spectra of d and He [11]. In the following, B/C-driven predictions are presented.
3. Results and discussions
Our B/C-driven predictions for the d and He spectra are shown in Fig. 1. Our calculations are
in agreement with those reported in early works [18]. Along with the standard ISM-induced com-
ponent (orange line), the SNR-accelerated fluxes (green line) are shown. As shown in [11], p¯/p-
driven calculations lead to stronger SNR-production that dominates the flux at E & 100 GeV/n.
However, as discussed, p¯/p-driven calculations overproduce the B/C ratio. Interestingly, both
B/C-driven and p¯/p-driven calculations lead to consistent results at sub-GeV/n energy. In spite of
considerable errors for the single SNR and ISM component, the total ISM+SNR flux prediction
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Figure 1: Model predictions of for the total flux of antideuterons (a) and antihelium (b), including secondary production
inside SNRs (green short-dashed lines), standard production in the ISM (orange long-dashed lines), and total flux (light-
blue solid lines). Calculations are fromx the B/C-driven parameter setting.
is found to be highly stable for a large region of parameter space. In this respect, the total astro-
physical background for DM searches is well assessed at mid-low energies. We also recall that the
antinuclei flux calculations are affected by large nuclear uncertainties that we have not addressed
in this work. These uncertainties have a similar influence on ISM and SNR components, being the
two contributions tightly correlated each other.
4. Conclusions
Using new data from AMS on the B/C and p¯/p ratios, we have presented calculations for the
fluxes of d and He in CRs. We have compared B/C-driven and p¯-driven calculations under different
transport models [11]. In the sub-GeV energy window, where DM-induced signatures may exceed
the background, we found that the total flux of secondary antinuclei (from CR+gas collisions in
the ISM and in SNRs) is highly stable for a large region of parameter configuration. Further-
more, at these energies, the SNR-accelerated flux is sub-dominant. In summary, the astrophysical
background for DM searches in the low-energy region appear to be soundly assessed. The search of
d and He in CRs is ongoing by the AMS experiment, and soon, by the GAPS detection project [19].
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